ABSTRACT
INTRODUCTION
In both saline and freshwater continental zooplankton, species richness is affected by environmental parameters, mainly temperature and salinity (Williams 1998) . A positive correlation between temperature and species richness in freshwater has been described for aquatic invertebrates in general (Friberg et al. 2001) , and for zooplankton in particular (Hessen et al. 2007; Kaya & Altındağ 2007) . Salinity is another important factor affecting species richness in continental water bodies (Lancaster & Scudder 1987; Williams et al. 1990; Derry et al. 2003) , with inland saline systems hosting less species than freshwater bodies (Hart et al. 1998; Schallenberg et al. 2003; Toumi et al. 2005; Shiel et al. 2006) . Salinity of inland waters may increase due to evaporation; thus, a positive correlation between salinity and temperature should be expected. Such positive correlation is not coherent with the opposite effects of these variables on species richness and more studies addressing this interaction are needed.
Number of species and species composition of zooplankton are known to be affected not only by temperature and salinity but also by other parameters, such as habitat type (Muirhead et al. 2006) , trophic state and water turbidity (Duggan et al. 2002) , and total phosphorus (Jeppesen et al. 2000) . Other unmeasured variables differing between sampling site may affect species composition as well, and for zooplankton species assemblages such local effect is well known (Cottenie et al. 2001; De Bie et al. 2008; Dodson et al. 2009 ).
The aim of this study is to examine the effect of temperature and salinity on species richness and composition of rotifer communities in inland fresh and saline waters in a biogeographically uniform area. Rotifers were used as a test case because they are globally diverse, with more than 2000 species known to date (Segers 2007) ; they can be extremely rich locally, with over 100 species recorded from one single water body (Segers & Dumont 1995) , and they occur in fresh and saline water, with few species able to tolerate changes in salinity (Fontaneto et al. 2006 (Fontaneto et al. , 2008 Segers 2007) . Rotifer species richness is already known to conform to the general trend with species richness negatively related to salinity (Walsh et al. 2008) , and positively related to temperature (Matsubara 1993; Castro et al. 2005 ), but such relationships have never been analyzed together in detail for rotifers, and controlling for other confounding effects.
MATERIALS AND METHODS

Sample collection
The study was carried out in eight water bodies in Develi Plain (Middle Anatolia, Kayseri, Turkey, Fig. 1 , Tab. 1), collecting repeated samples in different seasons (April, July, October and December 2007) . Water bodies were from 1 to 48 km far away from each other. For each water body four different samples were collected, 50 m apart one from the other, along a linear transect of 150 m. Samples were obtained with a plankton net 55 μm mesh size (Wallace et al. 2006) , collecting horizontal hauls of approximately 5 m, in areas with depth between 0.4 and 1.5 m, at least 5 m from the bank. Samples from each water body were merged and poured in a single 500 mL bottle and preserved in 4% formaldehyde solution.
All sampled localities were stagnant waters; six of them were true ponds and lakes (Ağcaşar Dam Lake, Soysallı Pond, Çayırözü Pond, Lake Söbe, Lake Camız and Sultan Marshes centre); for the two lotic systems (Zamantı River and Homurlu Stream), samples were taken from stagnant parts of the water bodies.
Environmental variables
We measured three variables, temperature, pH and electrical conductivity. Parameters were measured in the same areas where samples were collected, at about half of the depth of the water column.
Electrical conductivity was measured in µS cm -1 and used as a proxy of salinity. Following the system by Hammer et al. (1983) , we considered water bodies as freshwater (FW, with electrical conductivity lower than 1000 µS cm -1 , i.e. 0-0.5 g L -1 of total dissolved salts, TDS), subsaline (SS, electrical conductivity 1000 to 6000 µS cm -1 , i.e. 0.5-3 g L -1 TDS), hyposaline (HS, electrical conductivity 6000 to 40,000 µS cm -1 , i.e. 3-20 g L -1 TDS); none of the salinity values we observed in the field exceeded the latter class.
Species identification
We used a Leica DMLS microscope (40 to 1000×) for identification and drawing of the species. Taxonomic features of rotifer jaws (trophi) were observed after dissolving the soft body parts in diluted NaOCl (Segers 2004) . Scanning electron microscopy (SEM) preparations were obtained following the procedure by De Smet (1998) . SEM observation was performed using a JEOL JSM-60 60 LV on material sputter-coated with a Polaron SC 502.
Species richness
We calculated species richness as the total number of species found in each season for each water body.
First, we tested the hypothesis that species richness in freshwater (FW) is higher than in saline waters (SS + HS). We used a Generalised Linear Model (GLM), assuming a quasi-poisson distribution because of overdispersion of data. Then, to disentangle the effects of the measured environmental variables on species richness, we performed a Linear Mixed Effect Model (LMEM) for Repeated Measures, including sampling site as a random effect. This was performed with the R 2.5.1 (R Development Core Team 2007) function lme from the package nlme (http://cran.r-project.org/web/ packages/nlme/index.html), using square root transformation for the response variable. Model simplification was performed by model comparison maximizing the log-likelihood; we started with the most complex model, including all terms and interactions, and deleted the least significant interactions and terms one by one as far as a non-significant reduction in explanatory power was retained.
Species composition
We built a matrix of presence/absence of rotifer species for each of the 32 collections (four seasons for eight sampling sites), and we obtained a matrix of Jaccard indexes for all the pairwise comparison. We tested how differences in species composition (= Jaccard indexes) were affected by season, sampling site and environmental variables with an analysis of variance partitioning the total variance in the distance matrix, with the adonis algorithm in R package vegan (http://cc.oulu.fi/~ jarioksa/softhelp/vegan.html). The current version of the package does not allow controlling for random effects of repeated measures; thus, we included all variables, environmental variables, season of sampling and sampling site as fixed effects, and without testing for their interactions.
Distance between water bodies may affect species composition of rotifers. This hypothesis was investigated with a Mantel test between a matrix of Jaccard distances between overall species composition for each sampling site (merging data from all seasons), and a matrix of geographic distances between sampling sites. The test was one tailed since only a positive correlation is expected comparing geographical distances with species composition. Significance of the Pearson correlation coefficient was assessed in a randomization test with 1000 permutations. Geographic distances were calculated as the orthodromic distances (i.e., the minimum path on the Earth's surface) between the ponds (Imboden & Imboden 1972) .
RESULTS
Eighty-four species of Rotifera belonging to 32 genera were recorded (Tab. 2).
Tab. 1. Sampling localities and water parameters. EC is Electrical Conductivity; values of EC are labeled in three salinity categories according to Hammer et al. (1983) Of these, the majority (14 species, 16.6%) belonged to the genus Lecane, followed by Cephalodella (9 species, 10.7%), Lepadella (6 species, 7.1%), Brachionus (5 species, 5.9%) and Trichocerca (5 species, 5.9%). Twenty-two of these species were observed only in one sample during the study.
Species richness
Overall species richness (Tab. 1, Fig. 2 ) was similar from April to October: 45 species were recorded in April, 50 in July, and 52 in October. On the other hand, species richness was very low in December, with only 19 species. Species richness did not differ significantly between freshwater (FW: range = 1-26, median = 9) and saline water habitats (SS + HS: range = 1-16, median = 6) (GLM: p = 0.205). The highest species richness was reached in the freshwater Zamanti River in July; the other two permanently freshwater bodies (Homurlu Stream and Soysalli Pond) had richness decreasing from April to December; the saline systems had their maximum in October (Çayirözü Pond, Lake Söbe, and Ağcaşar Dam Lake) or in April (Lake Camiz and Sultan Marshes), (Fig. 2) . Due to possible confounding effects of other unmeasured environmental variables and of sampling sites, we tested the effect of measured environmental variables on species richness including sampling site as a random effect. The final model retained Temperature (T) and its interaction with Electrical Conductivity (EC) as significant (Tab. 3).
Tab. 3. Final model (Linear Mixed Effect Model for
Repeated Measures), after simplification, explaining the effect of measured environmental variables (logL = -37.68; AIC = 87.36). Finally, to determine the effect of such interactions, we divided our results into three groups, according to salinity class: freshwater (FW), subsaline water (SS) and hyposaline water (HS) (Fig. 3) . Performing the analyses separately for each salinity class, the final models retained temperature as the only significant factor affecting species richness in freshwater (LMEM: t = 5.56, p = 0.0001, sqrt(richness) = 0.851 + 0.174T), and electrical conductivity as the only significant factor in subsaline water (LMEM: t = 7.50, p = 0.0007, sqrt(richness) = 0.615 + 0.0009EC). No analyses could be performed for hyposaline water, as only three datapoints were available; nevertheless, the two samples with the highest EC, above 8000 µS cm -1 , had the lowest species richness (Fig. 3) .
Species composition
Most of the variability in species composition for each sample was due to random effects (43%), and the only significant factor was sampling site, which accounted for 36% of the variability. Season of sampling was not significant, and differences in species composition related to environmental variables were negligible, always lower than 4% (Tab. 4). Thus, samples from the same water body are more similar in species composition to each other than to other samples, independently of the seasonal environmental changes.
Differences in the overall species composition for each water body were not related to geographic distances between samples (Mantel test: R = 0.081, p = 0.25).
Tab. 4.
Results from the analysis of variance partitioning the total variance in the distance matrix of species composition. 
DISCUSSION
Temperature seems to be the main factor affecting species composition and richness of rotifers in freshwaters, while changes in salinity seem to over-ride this effect in the saline waters under study. Species composition is influenced mostly by sampling site and much less by season of sampling. 
Species richness and salinity
A general negative relationship was previously described between species richness and salinity (Hammer 1986; Lancaster & Scudder 1987; Williams et al. 1990 ): significantly negative relationship in salinity ranges lower than 20,000 µS cm -1 , and negative but non-significantly for salinity higher than 20,000 µS cm -1 . Previous studies on rotifers in continental saltwater habitats confirmed such a relationship: many rotifers do not tolerate conductivities higher than 400 µS cm -1 (Kling et al. 1992) , and Swadling et al. (2000) found significantly lower species richness between 700 µS cm -1 and 1500 µS cm -1 than at conductivities below 700 µS cm -1 . Species richness was also found to decrease with increasing salinity from 2800 to 50000 µS cm -1 (Egborge 1994) . Planktonic rotifers in Turkish continental waters do not seem to conform to such general trends: (1) species richness of rotifers did not differ between fresh and subsaline waters, (2) after controlling for the effect of sampling site, no effect of salinity was present below 1000 µS cm -1 , but an abrupt drop in species richness was present at the threshold between freshwater and subsaline waters; (3) unexpectedly, a significant positive relationship between species richness and salinity was present in subsaline waters (ranges between 1000 and 6000 µS cm -1 ) (Fig. 3) . Thus, two thresholds were evident in the relationship between salinity and species richness, and they are perfectly overlapping with the thresholds proposed by Hammer et al. (1983) to divide salinity ranges for aquatic biota. Our study confirms the biological validity of such classification scheme for planktonic rotifers.
Thus, the relationship between species richness of planktonic rotifers and salinity may not be unequivocal as previously suggested. Nevertheless, we need to consider two caveats. First, the results may be limited to the peculiarities of inland Turkish waters, not supporting many typically saline rotifers. Actually, not many typically saline species were found; for example, Synchaeta and Notholca were each represented by 2 species only, while these genera are known to be generally more diverse in the plankton of saline systems (Fontaneto et al. 2006) . Second, the results may be due to sampling artifacts and limited number of sampling sites, even if we tried to minimize these biases during the field sampling, collecting repeated samples from each locality and each season, and accounting for potential confounding effects in the analyses. Another problem could be due to the use of a plankton net 55 μm pore sized, which is known to underestimate rotifer richness (Chick et al. 2010) ; nevertheless, there is no rationale to suggest differential sampling bias with different salinities.
Species richness and temperature
Parameters other than salinity may significantly affect species richness in inland waters (Williams 1998) . A positive correlation between species richness and temperature is known (Matsubara 1993; Friberg et al. 2001; Castro et al. 2005; Hessen et al. 2007 ). In our study, species richness was positively affected by temperature only in proper freshwater. Thus, temperature seems to operate in two opposite directions: it is positively associated with species richness, as well as it positively affects salinity, as higher temperatures promote evaporation in inland water bodies, concentrating salts. Nevertheless, our results regarding temperature effects may be biased by the December samples, colder and with a lower number of species in all sites.
Species composition
Species composition is highly affected by sampling site for continental zooplankton (Shaw & Kelso 1992; Walsh et al. 2007) . Samples within the same water body generally tend to be more similar to each other than samples between water bodies. Our results are consistent with this spatial pattern: sampling site is the only significant variable explaining differences in species composition, accounting for 36% of the variability. Other confounding effects associated with water body were not measured in the analysis. Moreover, such strong influence of sampling site on species composition may mask the effect of environmental variables as salinity and temperature: our sampling strategy included eight water bodies only, which is a large enough sample size to analyze species richness, but to disentangle environmental effects on species composition, a much higher number of water bodies is needed.
